ABSTRACT Background: Complex interplays of diet and metabolism influence circulating fatty acids (FAs), possibly constituting FA patterns related to cardiovascular disease (CVD) risk. Objectives: We aimed to derive FA patterns from circulating FAs, relate the patterns to CVD incidence, and extend the derived patterns to atherosclerosis progression in another independent cohort. Design: We used principal component analysis (PCA) to derive FA patterns from 38 plasma phospholipid FAs in 2972 older adults in the Cardiovascular Health Study (CHS). Identified patterns were evaluated for prospective associations with 14-y incidence of CVD [ischemic heart disease (IHD) or stroke]. In another independent cohort of postmenopausal women with IHD, we evaluated associations of the CHS-derived patterns with 3.2-y progression of angiographically defined coronary atherosclerosis. Results: Three distinct patterns were identified, characterized by higher proportions of trans FAs, de novo lipogenesis (DNL) FAs, and long-chain MUFAs (LCMUFAs). During 32,265 person-years, 780 incident CVD events occurred. The trans FA pattern was associated with higher CVD risk (multivariable-adjusted HR for the highest compared with the lowest quintiles = 1.58; 95% CI: 1.17, 2.12; P-trend = 0.006), primarily attributable to higher risk of stroke (HR: 2.46; 95% CI: 1.54, 3.92; P-trend = 0.005). The DNL and LCMUFA patterns were not associated with CVD incidence or with IHD or stroke (P-trend . 0.11 each). In the second cohort, the trans FA pattern, but not the other 2 patterns, was positively associated with progression of coronary atherosclerosis (P-trend , 0.05).
INTRODUCTION
Several individual fatty acid (FA) 4 biomarkers in tissues and blood, eg, biomarkers of PUFAs, trans FAs, or de novo lipogenesis (DNL), have been associated with the risk of cardiovascular disease (CVD) (1) (2) (3) (4) (5) (6) (7) (8) (9) . Although these studies have contributed substantially to knowledge on etiologic roles of FAs, nearly all such studies have focused on selected individual FAs. However, there are numerous trace or minor circulating FAs (,1 mol%), the concentrations of which are interrelated and reflect complex interplays of dietary consumption and endogenous metabolism. Thus, a conventional approach separately examining major individual FAs may not identify potentially important interplays among different FAs.
Principal component analysis (PCA) is a powerful datareduction technique to discover novel informative patterns in complex data. For example, PCA has been used to identify novel genetic and dietary patterns (10, 11) . By maximizing the information from both major and minor FA and also accounting for previously unrecognized relationships between different dietary and endogenously synthesized FA, PCA may provide novel insights into the effects of circulating FAs on human health and disease (12) (13) (14) . To identify FA patterns, including evaluation of many trace FAs and isomers of trans FAs that have been relatively understudied, and to determine the relations of such patterns to the 14-y incidence of CVD, we applied PCA to 38 different plasma phospholipid FAs measured in 2972 US adults in the Cardiovascular Health Study (CHS). We validated the findings internally in the CHS by means of split-sample crossvalidation. We also extended the investigation to a separate cohort, the Estrogen Replacement and Atherosclerosis trial (ERA), to assess whether the CHS-derived FA patterns related to the progression of coronary atherosclerosis measured by serial quantitative coronary angiography.
SUBJECTS AND METHODS

Design and population
The CHS is a prospective cohort study among older adults (15, 16) . Briefly, 5201 ambulatory, noninstitutionalized adults older than 65 y of age were randomly selected and enrolled in [1989] [1990] and an additional 687 African American adults in 1992 from Medicare eligibility lists in 4 US communities (Forsyth County, NC; Sacramento County, CA; Washington County, MD; Allegheny County, PA). Of all eligible adults contacted, 53% agreed to enroll. Participants received clinical examinations annually for 10 y with interim 6-mo telephone contacts and subsequent 6-mo telephone contacts thereafter. Each center's institutional review committee approved the study; all participants provided informed written consent.
Stored blood was available for FA measurements from the 1992 study-clinic visit, considered baseline for all current analyses. Of 5565 participants alive in 1992, plasma phospholipid FAs were measured in 3941 participants (71%), including 656 participants from a prior nested case-control study (2, 3) and 3285 participants randomly selected from those with available blood samples. These individuals were not randomly sampled from all CHS participants; thus, our analyses accounted for the sampling probability by inverse probability weighting. For the current analysis, we evaluated the 2972 participants after the exclusion of 969 participants with prevalent ischemic heart disease (IHD) or stroke at baseline.
Phospholipid FA analysis
Blood samples were drawn after the subjects had fasted for $8 h, stored at 270 8 C, and shipped to the central CHS laboratory for long-term storage at 280 8 C. Our studies and others have documented the reliability of FA assessments after long-term storage (2, 3, (17) (18) (19) . Methods for the assessment of plasma phospholipid FAs have been described previously in detail (2, 3) . Briefly, plasma lipids were extracted according to Folch et al (20) . The phospholipid fractions were isolated by thinlayer chromatography (silica, solvent of hexane:ether:acetate = 67.5:15:0.75 with 0.005% dibutyl-hydroxy-toluene). Then, phospholipid FA moieties were transmethylated and separated by gas chromatography (100 m 3 0.25 mm silica column, model 6890; Agilent Technologies Inc). After the separation, 42 known peaks were identified. Of those, we excluded 3 FAs (trans,trans-18:2n26, cis-14:1n25, and cis-18:1n28) because of identified laboratory drift and one trace FA (22:5n26) that was only measured in the latter half of the FA samples. In total, 38 FAs were quantified as a percentage of total phospholipid FAs and evaluated in this study. Laboratory CVs were ,3% for major FAs, including 16:0, 18:1n29, 18:2n26, 20:4n26, and 22:6n23 (DHA) and 2-10% for minor FAs. We also performed serial measurements of FA levels in a subset of 100 participants, by using stored blood samples drawn in 1992-1993, 1998-1999, and 2005-2006 .
Derivation of fatty acid patterns
We used PCA to identify a finite number of novel FA patterns that maximized the variation in the levels and interrelations of 38 individual FAs. PCA is a dimension reduction technique that generates new variables as principal components (patterns) to explain as much variability as possible of numerous original variables (21) . We determined the number of patterns to generate according to a scree plot that indicates the additional variability explained by derivation of each additional pattern. When deriving FA patterns, we applied oblique rotation, which is commonly done to obtain pattern structures with greater interpretability than crude nonrotated pattern structures (21) . A score for each pattern was calculated for each participant, characterizing the consistency of their FA profile with that pattern, based on a linear combination of the PCA-derived weights for each FA multiplied by the levels of that FA. Factor loading was used as a measure of contribution of each FA to each pattern. We named each pattern based on the major contributing FA, taking into account known dietary sources and the FA metabolism of various individual FAs, including trans, omega-3 (n23), dairy products, and DNLrelated FAs (1, 7, 9, (22) (23) (24) (25) (26) (27) . In addition, we examined the variability of each individual FA explained by the FA patterns. We calculated the R 2 value for each FA by linear regression analysis, regressing each individual FA on all of the FA patterns. Similarly, we calculated R 2 for each FA explained by each FA pattern. To examine the reproducibility of the FA patterns over the follow-up, we evaluated 6-y and 13-y reproducibilities of the baseline FA patterns by using serial measures of FA levels in a subset of participants (n = 100). We assigned scoring weights of the baseline FA patterns to FA levels assessed repeatedly during the follow-up to determine the pattern scores at each follow-up time point and then calculated the intraclass correlations of the pattern scores over time as a measure of reproducibility.
Assessment of risk factors and covariates
At the baseline and annual follow-up examinations, participants completed standardized questionnaires and interviews to assess demographic characteristics, CVD risk factors, lifestyle risk factors, and medications and underwent detailed in-clinic examinations (16, 28, 29) . Fasting concentrations of total cholesterol, HDL cholesterol, and triglycerides were measured by standardized methods (30) . Concentrations of LDL cholesterol were derived by using the Friedewald formula (31). Leisure-time FATTY ACID PATTERNS AND CARDIOVASCULAR DISEASES activity (kcal/wk) was assessed by using a modified Minnesota Leisure-Time Activities questionnaire (32) . Dietary habits were assessed with validated food-frequency questionnaires in 1989-1990 (33, 34) .
Ascertainment of cardiovascular disease outcomes
We evaluated CVD (IHD death, fatal or nonfatal myocardial infarction, or stroke) as the primary outcome, and IHD and stroke were evaluated separately as secondary outcomes. Events were identified from annual examinations through 1999, interim 6-mo phone interviews through 2006, hospital discharge records (obtained for every hospitalization), death certificates, and medical examiner forms (28) . All identified incident CVD events were adjudicated by the CHS morbidity and mortality committee by review of all available records, including available electrocardiogram, computed tomographic scans, or magnetic resonance images. Myocardial infarction was based on typical chest pain with abnormal cardiac enzyme concentrations or serial electrocardiogram changes. Fatal IHD additionally included deaths not meeting criteria for definite myocardial infarction when participants had chest pain ,72 h before death or documented IHD history. Stroke was defined as a neurologic deficit of rapid onset lasting for .24 h unless death supervened or as a subarachnoid hemorrhage. Strokes were classified as 1) ischemic if there was evidence of focal brain deficit without evidence of primary hemorrhage; 2) hemorrhagic if there was bloody spinal fluid on lumbar puncture or evidence of blood in the subarachnoid space, ventricles, or parenchyma on cerebral imaging or at surgery or autopsy that did not appear consistent with hemorrhage into an infarction; or 3) unknown type if information was insufficient for classification (35) .
Extension of the CHS-derived FA patterns to a second independent cohort
Because generalizability is a potential limitation of PCA, we extended our investigation of the CHS-derived FA patterns to a separate independent cohort. The study design of the ERA was described previously (5, 36, 37) . Briefly, serial quantitative coronary angiography was performed between 1996 and 2000 in 1912 major epicardial coronary arteries (8.3 segments per person) in 228 postmenopausal women with established IHD in whom FA biomarkers were measured at baseline. These measurements allow quantitative evaluation of coronary atherosclerosis progression, including changes in mean minimal arterial diameter and percentage of coronary artery stenosis (36) (37) (38) (39) (40) (41) . This design incorporates measures from multiple coronary segments to provide substantial statistical power to detect atherosclerosis progression.
In the ERA, 27 individual FAs were measured in 3 different lipid compartments: phospholipids, cholesteryl esters, and triglycerides (5). We primarily evaluated phospholipid FAs because 1) CHS also assessed phospholipid FAs, 2) circulating phospholipid FAs reflect tissue membrane concentrations, and 3) phospholipid FAs have been frequently used in long-term epidemiologic research (22) . We also evaluated cholesteryl ester and triglyceride fractions as additionally available samples to assess the generalizability of the findings for phospholipid FAs in the ERA to these other circulating lipid compartments.
Statistical analyses
Cox proportional hazard models were used to estimate HRs and their 95% CIs for longitudinal relations of each FA pattern with incident CVD. In the model, a time-scale variable was the duration between FA measurement and the first clinical CVD events or censoring. When age was used as the variable (42), the results were similar (data not shown). FA patterns were evaluated categorically by indicator variables of quartile groups and continuously by a single continuous term and by restricted cubic splines. We tested the trend across the quartile categories by assigning each participant the median value in their quartile group of FA pattern score and then analyzing this as a continuous variable. Potential confounders were included in the models based on biological relevance as factors that might influence exposures and outcomes, previously published associations with CVD, or associations between exposures and outcomes in the current data set. Identified FA patterns were also included in the model simultaneously to determine independent associations. For parsimony, other covariates not materially altering the relations of FA patterns with CVD outcomes (,5% of the HR by including each covariate) were excluded from the final model, eg, including aspirin use, lipid-lowering drugs, and estrogen use. We also evaluated multivariableadjusted partial Pearson correlations of FA patterns with concentrations of HDL cholesterol, LDL cholesterol, and triglycerides and whether further adjustment for these blood lipids altered the associations of the FA patterns with incident CVD.
Changes over time in both exposures and time-varying covariates can cause regression dilution bias and residual confounding. To account for misclassification and bias as a result of temporal variations in FA patterns and major covariates (including dietary factors and physical activity), we performed multivariate regression calibration using serial measures of each of these variables in a subset of the participants (43, 44) . Calculated regression dilution ratios were used to estimate the multivariable-adjusted HRs according to "usual" levels of FA patterns and covariates.
Potential effect modification was evaluated in subgroups of age ($ or , median), sex, race (white or nonwhite), BMI ($ or , median), and diabetes (yes or no). To evaluate statistical significance, we constructed a Wald test comparing the 2 regression b coefficients and their variances separately estimated from stratified analyses by each of these subgroups.
We performed several sensitivity analyses to assess the reproducibility of our findings. First, we separately derived the FA patterns in specific subgroups to determine whether similar patterns would be derived and whether similar longitudinal associations with disease would be observed in different subgroups. Second, we performed cross-validation within the CHS, in which we first derived the FA patterns in one subgroup (derivation subgroup) and then applied these derived patterns to another subgroup (validation subgroup) to determine the relations with disease, which provides evidence for reproducibility of findings when FA patterns were derived from independent individuals. Third, we assessed whether our findings were sensitive to the number of FA patterns constructed from PCA, testing between 4 and 10 patterns. Finally, we rederived FA patterns by PCA after first aggregating highly correlated FAs (r . 0.8) to ensure that the main findings were not driven by a handful of highly intercorrelated individual FAs (45) .
To extend the FA patterns identified in the CHS to the ERA, we assigned the CHS-derived PCA scoring weights to each individual measured FA of each lipid compartment in the ERA to calculate each participant's pattern scores. Because only 27 FAs were assessed in the ERA, compared with 38 in the CHS, the missing data could cause misclassification of the FA patterns in the ERA, attenuating the results toward the null. We estimated the potential magnitude of this bias by applying the FA patterns derived from 38 FAs back to the CHS cohort but using only the same 27 FAs available in the ERA. The full (38 FAs) and reduced (27 FAs) patterns were highly intercorrelated in the CHS (r = 0.81-0.97) and each similarly predicted incident CVD in the CHS (data not shown). To examine the prospective associations of the CHS-derived FA patterns with progression of coronary atherosclerosis in the ERA, we used multivariable-adjusted mixed models, modeling within-individual correlations between atherosclerosis progression of multiple coronary segments. Interactions by age, race, BMI, and diabetes were assessed by using a likelihood-ratio test for nested regression models with and without a cross-product term of each FA pattern and the potential effect-modifier. Statistical analyses were performed by using STATA 10.0 (StataCorp) and SAS 9.1 (2-tailed a = 0.05; SAS Institute).
RESULTS
At baseline, CHS participants were aged 72.1 6 5.1 y (mean 6 SD), and slightly more than one-half were women ( Table 1) . More than one-half were overweight or obese (mean BMI: 26.7), and about one-half were medically treated for high blood pressure. The ERA participants were all women with established IHD. Compared with the ERA participants, the CHS participants were less likely to be current smokers (8% compared with 22%), patients with diabetes (15% compared with 57%), or users of antihypertensive drugs (48% compared with 96%) or cholesterol- 3 In the Cardiovascular Health Study, participants free of cardiovascular disease were identified to examine incident cardiovascular disease. In the Estrogen Replacement and Atherosclerosis trial, postmenopausal women with established heart disease and without use of estrogen replacement therapy were recruited to examine their atherosclerosis progression of multiple coronary segments. 4 Coronary stenosis (% of narrowing) and minimal diameters of multiple coronary segments (8.3 on average) were assessed by coronary angiography. Between-individual means (6SDs) were calculated from multiple coronary segments.
lowering drugs (6% compared with 64%) and more likely to have higher HDL-cholesterol (1.4 compared with 1.1 mmol/L) and lower fasting glucose (5.8 compared with 6.6 mmol/L) and lower triglyceride (1.6 compared with 2.2 mmol/L) concentrations.
Through use of PCA for 38 individual circulating FAs in the CHS, we identified 3 novel FA patterns; greater numbers of patterns added progressively less information (see Supplementary  Figure 1 under "Supplemental data" in the online issue). On the basis of the major contributors to each pattern ( Table 2) (Table 2) , including, for example, a total 2 The derived components were labeled on the basis of our interpretation of the factor loading values. R 2 in parentheses is interpreted as the proportion of variance of each fatty acid explained by each principal component.
3 Total R 2 is interpreted as the proportion of variance of each fatty acid explained by all 3 principal components. In total, the 3 principal components explained 43.7% of total fatty acid variances. R 2 of 16-26% for long-chain n23 FAs, 86% for 18:2n-6 (linoleic acid), and 23-89% for individual trans FAs.
On the basis of serial FA measurements in a subset of participants, we examined the reproducibility of the 3 FA patterns over time. The intraclass correlations at 6 and 13 y, respectively, were 0.65 and 0.56 for the trans FA pattern, 0.71 and 0.58 for the DNL pattern, and 0.53 and 0.41 for the LCMUFA pattern.
After multivariable adjustment for potential confounders, the trans FA pattern (P = 0.02), but not the other 2 FA patterns (P $ 0.1), was positively associated with risk of incident CVD (Figure 1) . Compared with participants in the lowest quintile, participants in the highest quintile of the trans FA pattern score experienced a 53% higher risk of CVD (HR: 1.53; 95% CI: 1.14, 2.06; P-trend = 0.010). In similar analyses, a significantly higher risk was not seen with the DNL pattern (HR: 1.27; 95% CI: 0.96, 1.69; P-trend = 0.11) or the LCMUFA pattern (HR: 1.27; 95% CI: 0.96, 1.70; P-trend = 0.09). When we evaluated continuously across the interdecile range (90th to 10th percentiles), we observed similar findings for the trans FA pattern (HR: 1.29; 95% CI: 1.06, 1.57), DNL pattern (HR: 1.22; 95% CI: 0.96, 1.56), and LCMUFA pattern (HR: 1.18; 95% CI: 0.93, 1.48). Evaluated semiparametrically, the evidence of nonlinear associations between the 3 FA patterns and CVD risk was not significant (Figure 1) .
The trans FA pattern was not correlated with LDL cholesterol or HDL cholesterol concentrations [partial Pearson correlation (r) = 20.01 and 0.00, respectively] and weakly correlated with lower triglyceride concentrations (r = 20.06, P , 0.001). The DNL and LCMUFA patterns were each modestly correlated with lower LDL cholesterol (r = 20.27 and 20.10, respectively) and higher HDL cholesterol (r = 0.11 for both) but correlated in different directions with triglycerides (r = 0.25 and 20.35, respectively; P , 0.001 each). Further adjustment for LDL cholesterol, HDL cholesterol, and triglycerides in the multivariable model had no appreciable effect on the relation of each FA pattern with incident CVD (data not shown).
After multivariable-correction for temporal changes in FA and time-varying covariates such as diet and physical activity, the magnitude of the association of the trans FA pattern with CVD was strengthened, with an HR of 2.26 (95% CI: 1.26, 4.05) compared with 1.53 (95% CI: 1.14, 2.06) without such correction in a comparison between participants in quintiles 5 and 1.
When we evaluated IHD and stroke separately, the positive association of the trans FA pattern with incident CVD was primarily a result of a higher risk of incident stroke ( Table 3) . After adjustment for potential confounders, the trans FA pattern was positively associated with incident stroke (HR: 2.22; 95% CI: 1.41, 3.48) in a comparison between participants in quintiles 5 and 1 (P-trend = 0.001). In contrast, the trans FA was not associated with incident IHD (HR: 1.04; 95% CI: 0.72, 1.50; P-trend = 0.93). Neither the DNL nor the LCMUFA pattern was associated with incident IHD or stroke evaluated separately (Table 3 ). In restricted cubic spline analyses, we found no significant evidence of nonlinear association between each FA pattern and IHD or stroke (P-nonlinearity . 0.05).
Interactions for the prespecified factors for the associations of FA patterns with incident CVD were not significant (P . 0.10); the associations did not vary across subgroups of age ($ or , median), sex, race (white or nonwhite), BMI ($ or , median), or diabetes (yes or no) (see Supplementary Table 1 under "Supplemental data" in the online issue), although power may have been limited to confirm statistical interactions. The DNL pattern was associated with significantly higher CVD risk among white participants (HR for the interdecile range: 1.38; 95% CI: 1.06, 1.79), and the LCMUFA pattern was among oldest participants (1.45; 1.04, 2.02), women (1.38; 1.04, 1.84), white participants (1.36; 1.04, 1.77), and those with lower BMI (1.57; 1.12, 2.20), but none of these exploratory interactions were statistically significant.
When PCA was separately derived and evaluated in relation to incident CVD in subgroups of age, sex, race, BMI, and diabetes, similar FA patterns were derived (r . 0.95 with the original patterns), and similar associations with CVD were observed (data not shown). In cross-validation analyses, we derived FA patterns in one subgroup (eg, younger participants) and applied it to the other subgroup (eg, older participants) and vice versa (see Supplementary Table 2 under "Supplemental data" in the online issue). Each subgroup-derived pattern, which was then applied to the other subgroup, was still highly correlated (r $ 0.90) with the original pattern derived in the full cohort, and FIGURE 1. Multivariable-adjusted associations of plasma phospholipid FA patterns with risk of CVD in the Cardiovascular Health Study (n = 2972). During the 32,265 person-years, 780 CVD events occurred (incident rate = 2417/100,000). Each panel shows results from 2 separate Cox proportional hazard models by using the restrictive cubic spline (solid line) or using quintile categories (A); dotted lines and error bars represent 95% CIs. P values for linear associations are presented. None of the patterns showed significant nonlinear associations (P-nonlinearity . 0.05). Cox proportional hazard model was adjusted for sex, race (white or nonwhite), education (,high school, high school graduate, college graduate, or .college), smoking status (never, former, or current), exercise intensity (no exercise, low, moderate, or high), leisure-time physical activity (kcal/wk), 3-y weight change (kg), prevalent diabetes (yes or no), treated hypertension (yes or no), alcohol intake (tertile categories), total energy intake (kcal/d), and food consumptions (fish, high-fat dairy products, margarine, sweets, nuts, fried products, meats, and processed meats; servings/wk each). The 3 patterns were also mutually adjusted. Estimates were corrected for regression dilution bias and consequently strengthened from the estimates (see the main text) without the bias correction. CVD, cardiovascular disease; FA, fatty acid; LCMUFA, long-chain MUFA.
the associations of these cross-validation patterns with CVD were also broadly consistent with the results from the full cohort.
If we constructed up to 10 FA patterns, the first 3 major FA patterns were consistently derived (r . 0.85 with the original patterns) and similarly associated with incident CVD (data not shown). When we aggregated FAs that were highly correlated (pairwise correlation . 0.8, which resulted in 33 rather than 38 FAs), the derived FA patterns were correlated with the original 3 patterns (r . 0.85) and were similarly associated with incident CVD (data not shown).
When we extended the CHS-derived FA patterns to the ERA cohort, the trans FA pattern in both phospholipids and cholesteryl esters was associated with significantly greater progression of coronary stenosis ( Table 4) . Neither the DNL nor LCMUFA pattern was significantly associated with progression of atherosclerosis (see Supplementary Table 3 under "Supplemental data" in the online issue). These associations in the ERA did not significantly vary across subgroups of age, race, BMI, or diabetes (P-interaction . 0.10 each; see Supplementary Table 3 under "Supplemental data" in the online issue). In these exploratory subgroup analyses, the DNL pattern was positively associated with atherosclerosis progression among diabetic women, and the LCMUFA pattern was inversely associated with atherosclerosis progression among nonwhite women.
DISCUSSION
In our study, PCA enabled us to identify 3 novel FA patterns from 38 individual circulating FAs, including patterns characterized by, among other FA differences, relatively higher proportions of trans FA, FA derived from DNL, and LCMUFAs. We found the trans FA pattern to be associated with significantly higher risk of incident CVD in a cohort of older adults and with greater progression of coronary atherosclerosis in an independent cohort of postmenopausal women with IHD. To our knowledge, no prior studies have used PCA to derive and relate circulating FA patterns to incident CVD or atherosclerosis progression.
The strength of pattern analysis is the combining of numerous interrelated variables into common overall patterns, providing novel information on potential biologic patterns. A necessary caveat is that observed associations for a pattern cannot be .14 (0.81, 1.58) 1.02 (0.71, 1.46) 1.02 (0.70, 1.48) 1.04 (0.72, 1.50) 0.93 + corrected for regression-dilution bias .99 (0.70, 1.41) 1.07 (0.77, 1.50) 1.19 (0.85, 1.66) 1.08 (0.76, 1.53 When we evaluated the trans FA pattern and subtypes of CVD separately in the CHS, significant relations were seen only with stroke and not IHD. However, the trans FA pattern was associated in the ERA with greater progression of coronary atherosclerosis, which is a risk factor for both IHD and stroke events (38) . Reasons for the absence of association with IHD in the CHS are unknown. In the CHS, the upper CI for IHD included the possibility of 50% higher risk in the highest quintile of the trans FA pattern. In addition to the possibility of false-negative findings for IHD, some differences were observed between the CHS and ERA cohorts, such as inclusion of only women and a lower average baseline age in ERA (72.1 compared with 65.4 y, respectively). However, subgroup analyses in the CHS provided little evidence that the trans FA pattern was less strongly associated with CVD in men or at older ages. Whereas many risk factors for stroke, clinical IHD events, and atherosclerosis progression are at least partly shared, the trans FA pattern or its correlates could have stronger effects on general risk factors for stroke and for atherosclerosis progression, eg, thrombosis (46) , rather than for acute plaque rupture that is a major determinant of clinical IHD events, eg, bursts of shear stress. Given the older age of the CHS participants who were also free of prevalent clinical CVD, the absence of association with IHD could also represent a survivor effect, in that susceptible individuals were already depleted from the population. Overall, our findings suggest an association of this particular circulating FA pattern with higher CVD risk in 2 different cohorts, which supports the need for future investigation of potential mechanisms of the association and confirmation of and reasons for potential differences for event subtypes.
Neither the DNL nor LCMUFA pattern was significantly associated with clinical CVD events or atherosclerosis progression. Exploratory and cross-validation analyses suggested potential associations of the 2 patterns with incident CVD in certain CHS subgroups, but these findings were not replicated in the ERA and should be interpreted cautiously. Our findings suggest a need for future research on how demographic and cardiometabolic profiles influence FA patterns and their relations to the development of CVD. Interestingly, the null findings for the DNL and LCMUFA patterns could also partly reflect competing (opposing) CVD effects of different individual FAs in these patterns. In a prior CHS analysis and other studies on individual FAs, positive associations have been seen between higher concentrations of certain individual DNL FA and IHD risk (7-9), whereas long-chain n26 PUFAs, which also contributed positively to the DNL pattern, may be protective against incident CVD (47) . Similarly, LCMUFA exposure may be cardiotoxic according to animal experiments (48), whereas dairy FAs, which also contributed to the LCMUFA pattern, may be protective against incident CVD (49) .
A few prior studies have used PCA to construct FA patterns, based on cholesteryl ester, total plasma, or adipose tissue FAs and in predominantly middle-aged adults (12) (13) (14) . Warensjö et al (12) identified 3 FA patterns from 11 cholesteryl ester FAs and 4 FA-desaturation indexes (eg, ratio of 18:3n26 to 18:2n26). Of these, one pattern was characterized by higher DNL FA and was partially consistent with our DNL pattern. This pattern was associated with a higher risk of the metabolic syndrome in both cross-sectional and prospective analyses (12) . Anderson et al (13) applied PCA to 10 plasma FAs. Of 5 FA patterns that they identified, they focused on 2 FA patterns: one partly consistent with our DNL pattern and another was characterized by higher proportions of 20:4n26, 20:5n23, and 22:6n23. The latter pattern appeared to be associated with lower all-cause mortality, but few cases (n = 58) occurred in this cohort. Neither of these prior studies measured any trans FA. Dahm et al (14) used 34 individual adipose tissue FAs, including trans FAs, to construct 7 sex-specific FA patterns. One pattern characterized by higher trans FAs was associated with higher increases in weight and waist circumference in men. Our findings extend these previous results by measuring 38 individual FAs; by evaluating phospholipid FAs, which best reflect tissue-membrane concentrations; by prospectively evaluating incident CVD and atherosclerosis progression in 2 separate cohorts; and by evaluating the reproducibility of FA patterns over time and under a variety of PCA assumptions. Our cross-validation analyses and extension to a second cohort are particularly important during any application of PCA to identify new patterns in complex data.
Potential limitations should be considered. The CHS included older US adults. Because of increases in both competing causes and underlying rates of CVD, the relative effects of many CVD risk factors decrease with aging (50) . Conversely, absolute effects of CVD risk factors often remain similar or even increase with aging. Whereas we did not identify significantly stronger associations among younger participants in this cohort, we cannot exclude the possibility that the DNL and LCMUFA patterns might be associated with CVD risk in younger adults. This study was observational, and, whereas we adjusted for a range of major CVD risk factors, residual confounding from imprecisely measured or unmeasured factors may be present. FAs were measured at baseline, and changes in FA patterns over time would cause exposure misclassification and attenuation toward the null. Because laboratory CVs for individual FA were low (most ,3%), changes in FA patterns over time would be largely a result of true biologic variation, ie, related to dietary and/or metabolic changes. We partly accounted for such misclassification using multivariate-regression calibration. Our endpoint in the ERA, atherosclerosis progression, is not the same as clinical CVD events. Nonetheless, atherosclerosis progression represents a key pathological process for clinical vascular events and predicts future clinical coronary events (39) (40) (41) .
In conclusion, by applying PCA to circulating FA biomarkers, we identified novel FA patterns, including a trans FA pattern that was prospectively associated with a higher incidence of CVD (particularly stroke) and progression of coronary atherosclerosis in 2 independent cohorts. Our results support the utility of PCA to evaluate FA biomarkers and indicate a need for future detailed investigation of the key lifestyle, environmental, and genetic determinants of circulating FA patterns and the biologic mechanisms whereby such patterns may influence health.
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